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OIL SEPARATOR ELEMENT

RELATED APPLICATIONS

The present application claims priority from German
patent application number DE 10 2006 039 354.6 filed on
Aug. 6, 2006, which 1s incorporated by reference in its

entirety.

FIELD OF THE INVENTION

This invention relates to an o1l separator element, of the
type, for example, that 1s used for the separation of o1l from
blow-by gases 1n internal combustion engines.

BACKGROUND OF THE

INVENTION

Oi1l separator elements of this type are conventionally con-
structed 1n the form of cyclones, labyrinth separators, batile
plate separators or similar structures.

Cyclones 1n the shape of a helix or screw are frequently
used as o1l separator elements. These cyclones utilize the
rotation of the gas to eflect a separation of particles and
droplets by centrifugal force. One disadvantage of these
helixes or screws, however, 1s that they can be manufactured
economically only when they are oriented in the direction 1n
which a plastic component 1s removed from the mold. There-
fore, the opportunities for the placement of an intake point of
an o1l separator of this type are very limited. In particular, a
lateral intake, with respect to the direction 1n which the plastic
component 1s removed from the mold, can be incorporated
only with certain restrictions or with a great deal of effort and
expense 1n terms of design and manufacture.

SUMMARY OF THE INVENTION

The object of the invention 1s therefore to make available an
o1l separator element that 1s subject to the fewest possible
restrictions with respect to its placement, for example nside
a cylinder head cover. An additional object of the invention 1s
to make available a cylinder head cover that 1s provided with
an o1l separator element of this type.

The foregoing objects are accomplished by the method and
apparatus claims herein. Advantageous developments of the
o1l separator element claimed by the invention and of the
cylinder head cover claimed by the invention are described 1n
the respective dependent claims.

The o1l separator element claimed by the mnvention 1s an
integral component of a housing and forms a cavity through
which the gas can flow. The o1l or the o1l droplets are sepa-
rated 1n this cavity. This cavity has at least two openings on
the housing, 1.¢. at least one 1n the form of an inlet for gas, gas
carrying oil and o1l mist, and one 1n the form of an outlet for
gas and the o1l that has been separated from 1t. This cavity can
also carry the flow of gas such as blow-by gases, for example,
between the 1nlet and outlet. The inlet and outlet are at some
distance from each other. The inlet 1s conventionally located
on the outside of the housing and the outlet on the inside. The
housing has at least one additional outlet.

The invention teaches that the housing has an interface
which divides the housing and the at least one o1l separator
clement located 1n 1t 1nto two separable housing elements or
o1l separator element halves. The term “o1l separator element
half” 1s thereby intended to be understood to mean that the
two halves of the o1l separator element are complementary to
cach other when they are combined to form an o1l separator
clement, although the halves need not necessarily each form
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50% of the total o1l separator element. On the contrary, the
proportions of the o1l separator element that are represented
by each half can be quite different from 50%.

The invention teaches that 1n each of the interfaces of the
two halves of an o1l separator element there 1s a family of
grooves that run with respect to their longitudinal direction 1n
the interface, 1.e. parallel to the interface. They are therefore
open toward the top with reference to the interface. The
grooves of the two families are thereby oriented so that they
run at a defined angle to one another 1n the interface and
intersect one another. At least one groove of each family does
not extend from the inlet to the outlet. Each family forms one
half of the o1l separator element.

The interfaces of the o1l separator element halves are
thereby advantageously realized in the form of a sealing
clement between neighboring grooves outside the intersec-
tion points, 1.e. the interfaces are configured so that outside
the grooves and optionally the inlets and outlets, the inter-
faces of the o1l separator elements jointly form seal lines or
sealing contact surfaces. The interfaces are advantageously 1n
contact with each other where their grooves and outlets or
inlets do not intersect or overlap.

In an o1l separator element of this type the gas flows from
the inlet into the cavity of intersecting grooves formed by the
two families which combine to form a grid. The gas then tlows
along a groove and from there, at the final point of intersection
with a groove of a neighboring family, into this groove of the
neighboring family. The gas then flows along the neighboring
groove and then, at the last point of intersection of this groove
with an additional groove of the original family, overtlows
into this groove. Alternately, when the gas reaches the outlet,
it exits the separator element. The transition 1s then guaran-
teed only 11 at least one groove of each family does not extend
from the 1nlet to the outlet. Overall, this arrangement results
in a torsional motion or a twisting motion of the flowing gas,
because the gas 1s constantly changing back and forth from
one flow direction to the other. On account of the centrifugal
forces that occur, when o1l droplets impact the wall of the
groove they are separated from the gas that 1s carrying the o1l
or the o1l mist.

While a common inlet and/or common outlet can be pro-
vided for both halves of the separator element, separate inlets
or a plurality of inlets and/or outlets can also be provided.

Inlets and outlets can be located 1n any position of the
groove family. That means that the gas enters (or exits) both
groove families simultaneously 11 both grooves are present at
the mtersection of the groove family with the outside edge of
both grooves. Alternatively, the groove families can be ori-
ented relative to the outer edge so that only one groove 1s
present at the itersection. In that case, the gas 1s distributed
to both groove families at a point of intersection.

One advantage of the o1l separator element claimed by the
invention 1s that it 1s scalable, because any desired number of
such o1l separator elements can be located next to one another
or any desired number of grooves can be located in each
groove family. The number, length and/or width of grooves
can thereby also vary among the individual o1l separator
clements or between the halves of o1l separator elements.

The cylinder head cover claimed by the invention 1s pro-
vided with an o1l separator element of the type described
above. Because cylinder head covers conventionally have an
upper shell and a lower shell 1n any case (valve hood and
battle/wash plate), the o1l separator element halves of the at
least one o1l separator element claimed by the invention can
be introduced 1nto the element halves as early as during the
shaping of the upper and lower housings. The plane of sepa-
ration thereby corresponds to the contact surface between the




US 7,568,475 B2

3

upper housing and the lower housing and thus also the plane
ol separation between the halves of the o1l separator element;
the grooves are oriented 1n the direction 1n which the top and
bottom housings are removed from the mold. This arrange-
ment makes possible an extremely economical fabrication of
cylinder head covers with o1l separation. In particular, no
additional parts are necessary for the realization of the rota-
tion separator.

It 1s particularly advantageous 1f the grooves of the two
families run at an angle of 60° to 120° to one another, pret-
erably 80° to 100° and in particular at an angle of 90° to one
another. The grooves of the families can also advantageously
run at a defined angle to the average tlow-through direction of
the o1l separator element, whereby the average flow-through
direction 1s defined as the direction that results from the gas
flow direction averaged over one rotation through the
grooves.

With regard to the length and width of the grooves, any
desired ratios can be established. It 1s particularly advanta-
geous, however, 1f the width and length of the grooves are 1n
a ratio between 1:10 to 1:3, preferably 1:5.5 to 1:4.5, and
particularly advantageously 1:5. The width of the grooves 1s
therefore a direct function of the wall thickness of the top and
bottom housings 1n the vicinity of the interface.

However, both the direction of the grooves, their cross
section shape, their width and also the depth of the grooves in
the longitudinal direction can vary. In particular, it 1s not
necessary for the grooves 1n the respective interface to run in
a straight line. The grooves can also be curved.

Because the o1l separator element or the plurality of o1l
separator elements can be installed 1n the interface between
the top housing and the bottom housing of a cylinder head
cover without any additional space requirement, it 1s particu-
larly advantageous that this o1l separator element can be used
as a pre-separator for a prior art o1l separator already installed
on the cylinder head cover or in the interior of the cylinder
head cover.

Cylinder head covers and the top and bottom housings that
form them are conventionally manufactured by means of
injection molding from thermosetting plastics or thermoplas-
tics. Thermoplastic materials are thereby preferred. For the
manufacture of the cylinder head cover claimed by the inven-
tion, the molding die 1s therefore configured so that in the
direction 1n which the part 1s ejected from the mold, at the
interface between the two halves of the housing, there are
generally a plurality of flashings that are oriented parallel to
one another or run diagonally with respect to the outside or
inside wall of the half-housings. The individual flashings
have a greater depth toward their middle than on their ends.
During the injection molding of the respective half-housings,
the groove families that form the o1l separator element halves
of the o1l separator element claimed by the mmvention are
realized in the half-housings by means of these flashings. The
groove families are thereby located 1n the form of a depres-
s10n 1n the halves of the o1l separator element in the direction
in which the o1l separator element halves are removed from
the mold.

Several examples of the o1l separator element and cylinder
head cover claimed by the invention are explained 1n greater
detail below. Elements that are identical or similar 1n all the
figures are thereby identified with 1dentical or similar refer-
ence numbers. This description of the invention and of the
accompanying figures must not be mterpreted to mean that
the stimultaneous presence of all of the features of the 1ndi-
vidual embodiments i1s essential to the invention, but that
individual aspects of the exemplary embodiments are also to
be considered individually as belonging to the mnvention.
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4
BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a detail of one half of an o1l separator element of
an o1l separator element claimed by the 1nvention;

FIG. 2 partial FIGS. 2-a and 2-b illustrate respective vari-
ants of an o1l separator element claimed by the invention;

FIG. 3 1s a view through two o1l separator element halves
combined to form the o1l separator element claimed by the
invention;

FIG. 4 1s a detail from the phantom view 1n FIG. 3;

FIG. 5 are sectional views perpendicularly through the o1l
separator element in FIGS. 3 and 4, and;

FIG. 6 1s a schematic view of a top and bottom housing of
a cylinder head cover claimed by the 1nvention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a view of the interface 2 of an o1l separator
clement half 3a. This o1l separator element half 3a, with 1ts
grooves Sa to 5a"", spans the shape of half of a cylindrical
clement that 1s cut through 1n the longitudinal direction. The
overall o1l separator corresponds to two such semi-cylindrical
parts which are placed next to each other along their interface.
An o1l separator element that 1s formed from such o1l sepa-
rator elements halves can be a component of a cylinder head
cover. A plurality of such o1l separator elements can also be
integrated 1nto the cylinder head cover.

Conventionally, the 1llustrated interface 2 1s part of a larger
interface. For example the interface of the upper half-housing
3a can be part of the valve cover and a corresponding lower
bottom housing 35 can be part of the wash plate of a cylinder
head cover.

The interface 2 has a family of grooves 5a to Sa"" which all
run parallel to one another with reference to their longitudinal
direction 1n the interface 2. In this example, these grooves are
oriented at an inclination of 45° with respect to the longitu-
dinal direction 12 and thus also the average flow-through
direction of a gas in the o1l separator. On the one end surface
of the o1l separator element half 3a, the groove 3a forms an
inlet 6 and on the other end surface of the o1l separator
clement half 3a, the groove 3a"" forms an outlet 7. The gas
then tlows through the inlet 6 into the groove 5a, from where
it overtlows 1nto the o1l separator element halt 35 (not shown)
and subsequently alternates back and forth between the
grooves 1n the interface 2 of the o1l separator element halt 3a
and the grooves 1n the mterface of the other neighboring o1l
separator half and finally reaches the outlet 7. The o1l that 1s
separated from the gas as 1t travels through the o1l separator
clement as a result of impacts against the wall of a groove can
also be discharged from the groove family at the outlet 7.

FIG. 2-a shows two o1l separator element halves 3a and 35
of an o1l separator element claimed by the invention. The two
o1l separator element halves are 1n and of themselves con-
structed 1dentically, although 1n the assembled o1l separator
clement they are located facing each other and rotated 180°.
The o1l separator element halves 3a and 35 are constructed as
illustrated 1n the detail from the o1l separator element half 3a

in FIG. 1.

FIG. 2-b6 shows an additional design of the o1l separator
clement halves 3a and 36 of an o1l separator element. Theo-
retically, each of the o1l separator element halves 3a and 36 1s
constructed 1dentical to the o1l separator element halves 3a
and 35 illustrated in FI1G. 2-a. The decisive difference 1n this
case1s that in FI1G. 2-b, the o1l separator element halves 3a and
36 have expanded 1nlet areas 8a, 85, via which the gas can
flow 1nto the o1l separator element halves. Expanded outlet
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arcas 9a and 9b are provided 1in a similar manner. The
expanded areas 8a, 85, 9a, 9b thereby do not necessarily have
to be configured 1dentically.

The housing elements 1llustrated in FIGS. 2-q and 2-5 that
contain the o1l separator element halves 3a and 356 are con-
ventionally not separate housings. Normally, the housing
halves that are shown here with a rectangular cross section are
an 1integral component of a larger housing, such as e.g. valve
covers and wash plates of cylinder head covers. In that case,
the accompanying illustrations are details of the larger hous-
ings described above.

FIG. 3 shows a phantom view through two o1l separator
clement halves joined together into one o1l separator element.
Both the grooves 1n the lower o1l separator element halt and
the grooves 1n the upper o1l separator element half are thereby
clearly visible. The grooves of the one o1l separator element
half run from the top left toward the lower right (grooves 3a,
5a', 5a", 53a") and the grooves of the other o1l separator
clement half run from the bottom left toward the top right
(grooves 3b, 3b', 36", 5""). In the plane of the section, there
are therefore points of intersection between the grooves of
these two groove families, 1n particular points of transition at
the ends of the respective grooves (points of intersection or
transition 10a-10f).

If we now follow the gas current that flows through the
groove Sa, the path of the gas current 1s indicated by the
arrows A, B and C. The gas thereby alternates at the transition
point 10a from the groove 5a into the groove 55', at the
transition point 105 from the groove 55" into the groove Sa"
and at the transition point 10¢ from the groove 5a" into the
grove 56", Every time 1t alternates from one groove 1nto the
other, not only does the direction of the gas flow 1n the plane
of the interface 2 change, the gas also alternates back and
torth between the two o1l separator element halves (3a and 356
in FIG. 2). The overall effect 1s to create a rotational move-
ment of the gas.

It 1s therefore essential that at each of the terminal points of
intersection 10a to 107, the gas alternates from one groove 1n
one o1l separator element half into the neighboring groove 1n
the neighboring o1l separator element half. At the non-termi-
nal points of intersection 11a, 115, 11¢, however, no signifi-
cant exchange of the gas between the two o1l separator ele-
ment halves takes place, because the same pressure
conditions prevail 1n both gas currents and 1n both of the
intersecting grooves.

FI1G. 4 shows a detail from FIG. 3, whereby this figure also
shows sectional planesA B, C, D and E.

FI1G. 5 shows, 1n the sub-FIGS. 5-a to 5-e, sectional views
perpendicular to the axis 12 (sectional planes perpendicular
to the longitudinal dimension of the o1l separator element),
corresponding to the sectional planes indicated 1n FIG. 4. A
cylindrical detail of a larger housing 1s shown here by way of
example. FIG. 5-a thereby corresponds to the section in the
plane A, 5-b 1n the plane B, 5-c 1n the plane C, 5-d in the plane
D and 5-¢ to the section in the plane E 1n FIG. 4. It 1s apparent
that there are transition zones only 1n the planes A, C and E,
whereby on account of the dynamic conditions of the flow, an
overflow of the gas between neighboring grooves occurs only
at the terminal intersection points 10a, 104, 10e, 105, but not
at the non-terminal intersection point 11a. The rotating for-
ward movement of the two gas flows can be observed 1n the
sequence of the cross sections 3-a to 5-¢.

Section 3-1 shows the two terminal intersection points 10a
and 10d. The gas tlow 1n the groove 5a overtlows at 1ts end (or
shortly before 1ts end) into the neighboring groove 36', and
likewise the gas flow 1n groove 35 1nto 1ts neighboring groove
5a'. In section 5-b, the two gas streams flow toward the axis
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12. In comparison to section 5-a the groove depth of both
grooves 3a', 56" has increased. The two grooves 5q and 56 are
already terminated 1n section 5-5.

Section 5-¢ 1llustrates the non-terminal intersection point
11a at which the grooves 54', 3b' have reached their maximum
depth and intersect the axis 12. Only 1n the boundary area of
the two gas tlows can the gas tlow from one family of grooves
to another. The gas flows primarily follow their forward-
directed rotational movement.

In Section 3-d, the two gas flows are moving away from the
ax1is 12. In comparison to section 5-c¢, the groove depth of both
grooves 5a', 3b' has decreased again. Section 3-e illustrates
the two terminal intersection points 105 and 10e. Here, the
gas flow from groove 3a' overtlows into the groove 36", and
the gas flow 1n groove 35' into the groove 5a”.

The two gas flows, on their path between the terminal
intersection points (10a and 105 and 104 and 10e respec-
tively) have each completed 180° of their forward directed
rotational movement.

FIG. 6 shows schematically a plan view of a top or bottom
housing 100 of a cylinder head cover claimed by the mnven-
tion, conventionally a valve hood or a wash plate. Thereby
only the peripheral area that forms an encircling wall 200,
which 1n this case 1s drawn larger than actual size for purposes
ol explanation, 1s relevant to the invention. For this reason,
none of the details of the inner area 300 are shown, nor the
outlet that must be present in the cylinder head cover. The
groove families or groups of groove families 101 to 107 show
by way of example orientations of o1l separator element
halves 1n the iterface 2 of the wall 200. All the grooves or
groups ol grooves 101 to 107 are arranged so that a flow from
outside the housing into the inner area 300 1s possible.

The groove family 101 thereby has five relatively wide
grooves 3a to 5a¢"". Groove family 102 likewise includes
three relatively wide grooves 5a to 34" between an expanded
inlet area 8a and an expanded outlet area 9a. Groove family
103 consists only of two narrow grooves 5a and 3a'; for the
functioning of an o1l separator element, it would be sufficient
if the o1l separator element half formed from groove family
103 were combined with an o1l separator element halt with
only one groove 5b connecting the two grooves 3a and 5a’.

The groove family 104 demonstrates the theoretical possi-
bility of also realizing the o1l separator element claimed by
the invention in the corner area of the wall 200 of the top or
bottom housing of a cylinder head cover claimed by the
invention.

The groups of groove families 105 to 107 illustrate addi-
tional location possibilities along the periphery of the inter-
face of the wall 200, either 1n the form of a small group 105 on
one or a plurality of sides (not shown), in the form of a
plurality of groups 106 on one or a plurality of sides (not
shown) or even 1n the form of a grid-shaped arrangement 107
on one or a plurality of sides (not shown). Generally, prefer-
ence 1s given to a large number of groove families. The
respective location and arrangement will be determined on
the basis of the specific application.

What 1s claimed 1s:

1. An o1l separator element, comprising: a housing that
forms a cavity through which gas can flow and which has, on
its two ends, openings for the inlet and/or outlet of a gas,
wherein the housing has an interface that divides the oil
separator element into two o1l separator element halves, and
that 1n the mterface of each of the two o1l separator element
halves there 1s a family of grooves which extend in their
longitudinal direction parallel to the interface and 1n the inter-
face, and form a part of the cavity through which the gas can
flow, and the grooves of the one family run at an angle 1n the
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interface to the grooves of the other family, and at least some
of the grooves intersect with the latter.

2. The o1l separator element of claam 1, wherein the
grooves ol the one family run at an angle between 60° and
120° to the grooves of the other family.

3. The o1l separator element of claim 2, wherein the groove
of the one family run at an angle between 80° and 100° to the
grooves ol the other family.

4. The o1l separator element of claim 3, wherein the groove
of the one family run at an angle of 90° to the grooves of the
other family.

5. The o1l separator element of claam 4, wherein the
grooves run at a defined angle with respect to the average flow
direction of the o1l separator element.

6. The o1l separator element of claim S, wherein the
grooves run at an angle between 5° and 85° to the average flow
direction.

7. The o1l separator element of claam 6, wherein the
grooves run at an angle between 35° and 53° to the average
flow direction.
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8. The o1l separator element of claim 7, wherein the
grooves run at an angle of 45° to the average flow direction.

9. The o1l separator element of claim 8, wherein the width

of the grooves and the length of the grooves are 1n a ratio
between 1:10 to 1:3.

10. The o1l separator element of claim 9, wherein the width

of the grooves and the length of the grooves are 1n a ratio
between 1:5.5 and 1:4.5.

11. The o1l separator element of claim 10, wherein the

width of the grooves and the length of the grooves are 1n a
ratio of 1:5.

12. The o1l separator element of claim 11, wherein the
direction, the cross section shape, the width and/or the depth
of the grooves varies in the longitudinal direction of the
grooves.

13. The o1l separator element of claim 12, wherein the
interface 1s flat.
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